Purpose The positioning of the femoral cup in hip resurfacing is essential for the survival of the implant. We described a technique in 2005 to position the femoral cup guided by fluoroscopy independent of the approach performed. The main objectives were to study the positioning of the femoral components of the implant and the accuracy of the technique. Methods Between 2003 and 2011 we conducted a prospective study of 160 consecutive hip resurfacings all operated with this fluoroscopic-guided technique. Three independent observers performed a radiographic analysis at the pre-operative planning stage and on postoperative radiographs using OsiriX software. The statistical analysis was based on comparison of two groups by Student's t test. Results The entire implant was positioned in valgus, with an average of 7.816°valgus (p <0.001). All implants were positioned in neutral or anteverted with a mean of 1.98°( p <0.001). The risk of malpositioning on the antero-posterior plane was less than 1.41°with p <0.019. The risk of profile positioning error was lower than 0.80°with p <0.047.
Introduction
Correct positioning of the femoral implant in hip resurfacing arthroplasty is essential for the survival of a hip replacement and for good functional results. An excess of varus or valgus position can cause femoral head fracture [1, 2] . Depending on the series, this type of complication varies from 0 % to 17 % [3] . We described a technique in 2005 [4] for positioning the femoral cup guided by fluoroscopy and independent of the surgical approach chosen.
Our null hypothesis stated that with our technique of femoral implant positioning, we could reproducibly and accurately put the femoral implants in the position chosen during the pre-operative planning.
To test this hypothesis, we defined two main objectivesto determine the correct positioning of the femoral implant and to study the accuracy of the technique to reproduce the pre-operative planning.
Material and methods

Material
Institutional review board approval was obtained prior to the initiation of the study.
Between 2003 and 2011 we conducted a single centre prospective study on 160 cases of hip resurfacing (BHR®Our inclusion criteria were: patients with primary or secondary osteoarthritis, regardless of aetiology, or osteonecrosis of a volume less than 30 % of the femoral head, age <65 years for men and <60 years for women without major morphological abnormalities of the upper end of the femur or acetabulum, good bone quality, absence of history of allergy to nickel. Women of childbearing age were excluded.
The average age of patients at surgery was 46.8 years ± 7.2 years with a minimum age of 37 years and maximum 60 years. Patients were predominantly males with a 95 % male dominance and a ratio of 20 to one.
Etiological distribution showed 76.8 % (123 patients) were coxa-arthrosis cases: primitive in 58.6 % (72 patients), secondary to epiphysiolysis in 27.6 % (34 patients), secondary to femoro-acetabular impingement in 13.8 % (17 patients), and aseptic osteonecrosis of the femoral head in 23.2 % of cases (37 patients).
Surgical technique
Planning was made according to the following criteria: an implant should be in valgus < 10°, its stem parallel to the longitudinal trabecular system, and it should avoid notching the supero-lateral neck. It should be centred in the neck on frog-leg views. The correct positioning of the femoral cup was assessed on an antero-posterior pelvis radiograph with a femoral internal rotation of 10°and on a lateral radiograph of hip with 45°of flexion, 45°of abduction, and 30°of external rotation [5] . The axis of the stem corresponded to the axis of the guide pin. The entry point on the of the upper end side of the femur was identified in relation to the position of the lesser trochanter (high -medium -low). The exit point of the pin at the top of the head was also identified.
On a technical aspect, the patient in the operating room was placed in a lateral position, with the image intensifier positioned perpendicular to the patient from above. In this configuration, it was possible to obtain a radiograph of the hip with internal rotation of 10°and a position of 45°flexion, 45°a bduction, and 30°external rotation without moving the image intensifier ( Figs. 1 and 2 ). The entry point of the pin was marked using a metallic marker and an image intensifier. A 1 cm skin incision was made 2 cm below the point marked for the insertion of the pin in the centre of the femur in the anteroposterior plane. The soft tissues were bluntly dissected until the femur was exposed. An oblique hole was drilled in the axis of the neck with a 4.5-mm diameter drill. This drill was directed, under the control of successive radiographs (Fig. 2) , until the subchondral bone of the head was breached. The drill was then removed and replaced with a single guide pin. Guided by this pin, a canulated drill corresponding to the diameter of the guide bar was used. This allowed the drill to guide a tunnel in the desired axis. Breaching of the subchondral bone and cartilage was the endpoint and was performed under image intensifier.
Whichever approach was used, we found it possible after the hip was dislocated to position the guide bar and to finish the preparation of the femoral head with the appropriate reamers and jigs without the need for an image intensifier.
In our series, we used a minimally invasive anterolateral approach which preserved both the muscles and vascularity of the femoral head.
Methods
Radiographic evaluation
Three independent observers performed double-blinded, randomized analysis of the radiographs at an interval of two weeks. All radiological parameters were studied using OsiriX software (OsiriX, Switzerland) [6] after calibration on anteroposterior digital pelvic radiographs with the hip in 20°i nternal rotation and on lateral hip radiographs such as the frog-leg 45/45/30 view [5] . Conforming with strict quality criteria was required, and this was verified before any hip measurements were performed, since even a minimal change in rotation leads to major differences in measurement [7] .
On pre-operative radiographs and planned radiographs the following parameters were studied: the neck-shaft angle (NSA), the planned stem-shaft angle (planSSA), and the planned anteversion angle of the implant stem in relation to the axis of the neck.
On postoperative radiographs, the following parameters were studied: the stem-shaft angle (SSA); superior and inferior offset, which ratio was used to evaluate anterior centring of the implant; the anteversion angle of the implant stem in relation to the axis of the neck; anterior and posterior offset, of which the ratio was used to evaluate the lateral centring of the implant; the presence of supero-lateral notching of the femoral neck; and leg length discrepancies with the tear drop line method [8] (Figs. 3 and 4) .
To verify our null hypothesis, we defined two main objectives. The first one was to assess the correct positioning of the femoral implants according to the following criteria: the implant positioned in valgus (<10°) (not in varus), the stem parallel to the longitudinal trabeculae and without notching of the supero-lateral cortices of the femoral neck. The leg-length discrepancy should be less than 5 mm. It should also be centred in the axis of the neck on a frog-leg lateral view.
The second objective was to study the accuracy of the technique which was defined by a difference in positioning of the femoral implant compared to preoperative planning on lateral and antero-posterior (AP) radiographs; it should be less than a 2°angle for the SSA angle which evaluated the orientation of the implant in the AP plane, and less than 1°for the anteversion angle of the femoral implant in the lateral plane.
Clinical evaluation
The total duration of the procedure and the duration of the positioning of the guide wire was assessed. The fluoroscopy time in seconds was recorded for each intervention to appreciate the radiation exposure to the patients. Failures of the technique and complications during the procedure and at the last follow-up were recorded.
Statistical analysis
Gaussian distribution of continuous variables was verified using the Shapiro-Wilk test [9] and equality of variances using the Fisher F-test and the Levene test [10] to check the condition of homoscedasticity required for the use of parametric tests. To check intraobserver validity of the measurements, we carried out correlation matrices with Pearson correlation tests. These tests were interpreted according to the recommendations of Landis and Koch [11] and calculated the strength of the correlation (between −1 and +1) between two metric measurements and their significance. We carried out a Fisher F-test (analysis of variance) to ensure that there were no significant differences between the results obtained by each observer, and thus study interobserver reproducibility.
The postoperative radiographic parameters such as angle SSA, the anteversion angle and offsets ratio were compared with preoperative measurements using parametric Student t-tests. Differences in absolute terms between these variables and post/ pre-operative values were calculated and presented in degrees ± standard deviation in parentheses along with the confidence interval.
Postoperative radiographic parameters were compared with preoperative planning by a paired Student's t-test, with the null hypothesis: H0 = SSA − planSSA < 2°and H0 = anteversion angle − angle of anteversion planned < 1°.
Radiological parameters of the first 20 resurfacings performed were compared to the rest of the series using Student's t-test to analyse the learning curve.
A p value < 0.05 and an ICC > 95 % were considered significant. Statistical analysis was carried out by 
Results
Positioning of the femoral implant
In comparison to the preoperative neck-shaft angle NSA, the value of the angle of the implant stem-shaft postoperative SSA showed an increase of 7. 
Accuracy of the technique
Comparison between the measurements of the postoperative angle SSA and SSA planned angle showed a mean difference of 1.41°± 1.3 (0.12-1.87; p <0.019; Fig. 5 ). Fig. 3 The SSA angle and anteversion were measured using the trapezoid technique for determining the axes. This technique considers the femoral neck as a quadrangle. The axis of the femoral neck is determined by taking the midpoint of two segments of the femoral neck and by drawing a straight line through these two points. The axis of the femoral shaft or of the stem of the femoral implant can easily be determined using the same technique Fig. 4 Vertical and horizontal offsets were measured as follows: first a line was drawn along the axis of the femoral neck, then a second line is drawn parallel and tangent to one edge of the neck and a third line is drawn parallel and tangent to the external edge of the femoral implant (Fig. 2) . The distance between the second and third line was the offset
The difference between the angle of anteversion of the implant after surgery and the planned anteversion angle averaged 0.805°± 0.695 (0.01-0.98; p <0.047). The risk of profile positioning error was lower than 1°with p <0.047 and alpha <0.05.
Learning curve
There was no statistically significant difference between the values of radiological parameters of the first 20 resurfacings performed and the rest of the series (Table 1) .
Reproducibility of measurements
Intra-observer reproducibility was very good, as for all radiological parameters the Pearson correlation coefficient was greater than 0.85 (Table 2) .
Interobserver reproducibility was also very good. We carried out a Fisher test (analysis of variance) which showed there were no significant differences between the various observers, except for the superior offset variable (Table 3) .
Secondary endpoints
The mean duration of surgery was 117.8 minutes ± 19.6 minutes with a minimum of 70 minutes and a maximum of 150 minutes. The mean duration of the procedure for positioning the pin was 16.4 minutes ± 7.4 minutes with a minimum of ten minutes and maximum 35 minutes.
The average fluoroscopy time was 20.1 seconds ± 10.9 seconds with a minimum of seven seconds and a maximum of 43 seconds.
No intra-operative complication related to the technique or failure has been identified. At a mean followup of 47.10 months ± 2.56 (12-108), we observed four femoral neck fractures, due to high energy trauma in two cases and to avascular necrosis in the other two. One case of ALVAL due to acetabular cup malpositioning (60°of inclination) was observed and required surgical revision. 
Discussion
Our series statistically confirms and allows us to validate the accuracy and reliability of the technique for placement of the femoral implants. The results of this study also highlight the excellent intra-observer reproducibility and interobserver measurement of radiographic parameters to assess the positioning of a resurfacing implant. Indeed intraobserver reproducibility for the Spearman correlation coefficient r was whatever the parameters studied and whatever the observer averaged 0.913 (0.754 min -max 0.993). The interobserver study by analysis of variance highlighted excellent reproducibility since no significant difference could be detected except for the measurement of superior offset. Furthermore, this study did not assess the intra and interoperator reproducibility. However, the results did include the learning curve of this technique. The results of the first 20 resurfacings were compared to the rest of the series and [12] . The assessment of positioning of the implant on using radiographs could be criticised; nonetheless, Olsen reported good intra and interobserver reproducibility when measuring the SSA angle [13] . In fact, a three-dimensional CT evaluation would have been of preference to assess precisely the correct positioning of implants. However, because of the stringent radiological quality criteria selected, we had a radiological analysis with very good intra and interobserver reproducibility.
In our series we chose to position the femoral implants in valgus parallel to the longitudinal axis of the trabeculae. Many studies have confirmed the importance of this for implant positioning [14, 15] . In an anatomical and biomechanical study, Freeman et al. [16] highlighted that the compressive strength of the femoral head depends on the medial trabecular system which runs through the head at approximately 20°to the vertical plane. Long et al. [17] conducted a finite element analysis of the effects of femoral implant positioning, which found a significant decrease in the risk of loosening and fracture, with valgus positioning of the implants. In addition to those ex-vivo studies, many clinical studies have shown the importance for the future of the resurfaced hip in accordance with the valgus positioning of femoral implant and absence of supero lateral femoral neck notching [1, 15, 18] . The correct positioning is essential but remains a difficult task even for experienced surgeons [19] .
Many techniques have been developed to shorten the learning curve for surgeons and improve the ease and accuracy of femoral implant placement [20] . The work done on many navigation systems "free image" or systems-based on CT tend to show a decrease in the learning curve and a better positioning of the implants. Seyler, in a study comparing the accuracy of implantation of femoral components based on the experience of the surgeon, found an average accuracy compared to the planned angle SSA of 0.9-1.5°(p <0.17) [21] . Ganapathi et al. found a difference of position with navigation less than 1°compared to planning in a retrospective study comparing 51 hips operated with navigation and 88 by the conventional technique [22] . These results are comparable to those of our technique and in some cases even better.
Our technique has the advantage of positioning the femoral implant without influencing the surgical approach to hip resurfacing. Indeed, even if Myers et al. [23] and McBryde et al. [24] suggest that the surgical approach slightly modifies the position of the femoral implant and survival, it is vital for the surgeon to preserve the vascularity of the femoral head and neck [25] .
Conclusion
This study validates a technique for resurfacing femoral implant positioning which is simple, accurate, independent of the approach, and does not require heavy physical logistics.
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